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1
NEAR INFRARED TWIN PHOTON SOURCE

FIELD OF INVENTION

The invention relates to a new optical semiconductor
device and in particular to a micro optical parametric oscil-
lator.

BACKGROUND

Optical parametric oscillators (OPOs) are frequently used
as tunable infrared light sources. Conventionally they are
realized by an optically pumped laser cavity including a non-
linear crystal. The parametric oscillation is effected by irra-
diating the nonlinear crystal with an intense pump beam
having a frequency v;. In the nonlinear crystal quantum cor-
related photons of frequencies v, and v, are generated spon-
taneously by parametric scattering according to the relation
v3=V,+V,, wherein v, is the photon frequency. The generated
modes are denoted as signal and idler modes.

Conventional OPOs usually require a lengthy and incon-
venient initial alignment procedure and during their operation
a continuous feedback control of the cavity length in order to
compensate for cavity length fluctuations. Furthermore, in
OPOs of this conventional type signal and idler photonic
emissions comprise strongly unequal intensities.

BRIEF SUMMARY OF INVENTION

It is the object of the present invention to provide an optical
parametric oscillator and a corresponding method of provid-
ing optical parametric oscillations that are easy to realize and
that include signal and idler modes of comparable signal
intensities.

This object is achieved by an optical parametric oscillator
including a semiconductor microcavity being configured to
spatially localize a polariton and at least three quantized
polariton levels to effect an optical parametric oscillation and
a method of providing two beams of correlated photons,
including the steps: providing a semiconductor microcavity
being configured to spatially localize a polariton and includ-
ing at least three quantized polariton levels to effect an optical
parametric oscillation; and irradiating one of said quantized
microcavity polariton levels to generate two beams of corre-
lated photons by optical parametric oscillation.

According to the invention an optical parametric oscillator
is provided which includes a semiconductor microcavity con-
figured to spatially localize polaritons and at least three quan-
tized polariton levels. On these levels optical parametric
oscillations corresponding to the relation 2xv;=v, +v, can be
effected by irradiating the semiconductor microcavity with a
pump beam having a frequency v, and an intensity above the
parametric threshold. In the relation v, and v, are the polari-
ton frequencies of the quantum correlated signal and idler
mode, respectively.

Contrary to the scattering process according to the relation
v,=v,+V, described above, in a microcavity according to the
present invention preferably two polaritons are scattered into
a signal and idler polariton.

The microcavity provided in the optical parametric oscil-
lator according to the present invention permits the formation
of quasi-particles called polaritons, consisting of the super-
position of an exciton, i.e. a two-particle state of a correlated
electron-hole pair in a quantum well and a photon. In order to
permit the existence of polaritons in the strong photonic-
excitonic coupling regime, the length of the cavity between
the reflectors is determined so that a microcavity photonic
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mode with a frequency close or identical to the emission
frequency of an exciton in the quantum well can be formed.
Preferably, the cavity length corresponds to an integer mul-
tiple of the wavelength of radiation emitted by an exciton
formed in the quantum well.

“Spatial localization” in the context of the present inven-
tion means the formation of a preferably three dimensional
quantum confinement of a polariton or an optical polariton
excitation in a microcavity.

In the oscillator microcavity zero-dimensional cavity
polaritons with several quantized excitation levels can exist.
Since the polariton parametric amplification takes place on
energy levels having an identical or similar spectral separa-
tion, three spectrally equally or almost equally separated lev-
els are selected among the quantized excitation levels,
wherein the intermediate level is used as the pump level,
while the two other levels are used for the signal and idler
modes of the parametric oscillation.

As the signal and idler levels have similar photonic com-
ponents differing by a few percent only as can be shown by a
full calculation of the localized polariton states in a micro-
cavity, and the signal and idler levels are equally populated
due to quantum correlation or entanglement, respectively, the
signal and idler modes photonic emissions comprise approxi-
mately the same intensities. According to one embodiment of
the invention the two optical output beams include simulta-
neously emitted photons comprising correlated polarizations.

Although the use of three equally spaced levels is preferred
for the optical parametric oscillations, the optical parametric
oscillator can also be operated at energy levels which are not
equally separated, as long as the relation 2xv,=v,+v, is met.
This, however, will cause an increase of the parametric
threshold.

According to a preferred embodiment of the invention the
microcavity of the optical parametric oscillator comprises
two reflectors, at least one semiconductor layer separating
said reflectors and a semiconductor quantum well wherein at
least one of said reflectors and said at least one semiconductor
layer comprises a structure which is adjusted to spatially
localize a polariton in said microcavity.

According to a further preferred embodiment a structure to
spatially localize a polariton is realized by a microcavity
comprising at least one region having a different cavity length
than a portion of said microcavity surrounding said region.
By locally changing the length of the cavity photonic modes
existing inside and outside said region comprise different
wavelengths and energies. Thus a localizing structure or
potential well for the light is realized. Due to the preferred
configuration of the microcavity for the strong exciton-
phonon coupling regime, these traps at the same time define
“polariton traps” in which polaritons are localized or spatially
confined and which comprise several quantized polariton lev-
els.

The localization strength and positions of the energy levels
of the trapped zero dimensional polaritons depend on the
lateral size and depth of the trap. The localization strength and
the spectral separation between the energy levels increases
both with a decreasing dimension of the region in which the
cavity length is changed and also with the amount of change
of the cavity length, i.e. the depth of the trap.

Contrary to the embodiment as described above, a local-
ization of polaritons in a microcavity structure could also be
achieved by reducing the lateral dimensions of a microcavity,
e.g. by an etching process, and without locally changing the
cavity length. However, due to the interaction of the excitonic
part of the polariton with the outside environment of the
microcavity (e.g. the surrounding air) polaritons in such a
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structure would exhibit a reduced lifetime which in turn
results in broadened linewidths of the polaritons and thus an
overlap and disappearance of the quantized levels.

According to a further embodiment a local change of the
length of the cavity is achieved by providing at least one
reflector and/or semiconductor layer in said cavity which
comprises a raised or recessed region in one of the surfaces
perpendicular to the longitudinal dimension of the microcav-
ity to locally change and preferably increase the length of the
cavity in that region. Such a structure can be fabricated by
lithographic and etching techniques commonly used in semi-
conductor technology. It is preferred to obtain a cavity with a
locally modified length by preparing a spacer layer of the
microcavity with a raised region on top of which further
semiconductor layers e.g. of a Bragg mirror are grown.

According to a preferred embodiment at least one of said
reflectors is a Bragg reflector including a sequence of alter-
nating semiconductor layers having different band gaps.
Bragg reflectors can conveniently be formed using well
known semiconductor fabrication technologies. The raised
region in the spacer layer is preferably transferred to the
semiconductor layers of the Bragg reflector subsequently
grown on top of it. Alternatively a raised or recessed region
could be formed in one of the layers of the Bragg reflector. In
addition, it can also be taken into account to provide a layer
including a raised or projecting region on both sides of the
microcavity with the raised structures oppositely oriented
towards the respective end of the microcavity.

The raised or recessed region can comprise a circular,
polygonal or elliptical shape. It preferably includes a width
and/or length of less than 5 pm, preferably of less than 2 um
and particularly preferred of less than 1 um and a height or
depth of more than 1.5%, preferably of more than 5% and
particularly preferred of more than 10% of the cavity length
for a microcavity based on GaAs and AlGaAs. It may vary for
other materials.

The microcavity as well as the layer including a raised or
recessed region is preferably produced with semiconductor
growth and lithographic processing techniques such as
molecular beam epitaxy (MBE) or metal organic chemical
vapors deposition (MOCVD) or others. Suitable materials for
the microcavity include II1I-V semiconductors such as GaAs
and AlGaAs. This permits an easy fabrication of devices
including slight local variations of the cavity length. For
example, an optical parametric oscillator working in the near
infrared requires a cavity comprising a length in the order of
a few microns. In such a cavity variations of the cavity length
of a few nanometers are sufficient to obtain a significant
localization effect.

Since the fabrication process of the microcavity can be
based on known lithography techniques it is well controllable
and the optical parametric oscillator devices are reproducible
to a very high degree. The raised region which is preferably
transferred to the top layer of the cavity and thus identifiable
can be used for alignment purposes of the microcavity with
other devices such as an optical fiber.

The optical parametric oscillator according to the invention
has the further advantage that it comprises a monolithic struc-
ture already including the reflectors. Thus basically neither an
alignment nor a feedback control of the cavity is necessary.
The optical parametric oscillator according to the invention
can be used in quantum cryptography applications or for
quantum information protocols.

The optical parametric oscillator can also be provided as a
part of an optical device including a pump laser source that is
adjusted to emit radiation corresponding to one of said quan-
tized microcavity polariton levels onto said optical paramet-
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ric oscillator. The pump laser source can be a continuously
operating or a pulsed laser. According to another preferred
embodiment said pump laser source is capable to emit polar-
ized light such as circularly or linearly polarized light.

The present invention also includes a method of providing
two beams of correlated photons. According to the method a
semiconductor microcavity is provided which is configured
to localize a polariton and which comprises at least three
quantized polariton levels for optical parametric oscillations.

Furthermore, the method includes a step of emitting radia-
tion corresponding to one of said quantized microcavity
polariton levels on said microcavity in order to generate two
beams of correlated photons by optical parametric oscilla-
tion. Radiating a pump laser beam having a frequency v,
corresponding to the pump polariton level causes the genera-
tion of quantum correlated signal and idler beams at frequen-
cies v, and v, according to the relation 2xv;=v,+Vv,.

Preferably, among the polariton levels three levels are
selected that are spectrally equally or almost equally sepa-
rated, wherein the intermediate level is used as the pump
level, while the other levels correspond to the signal and idler
modes of the parametric oscillation. This permits to generate
signal and idler emissions including strongly correlated pho-
tons and having similar or even identical photonic compo-
nents and intensities.

According to one embodiment the method can include a
step of forming said microcavity with at least one region
having a different cavity length than a portion of said micro-
cavity surrounding said region. Due to the local change of the
length of the cavity a polariton can be localized without
reducing or negatively influencing its lifetime and the spectral
linewidth of its photonic part. The depth of the “potential
trap” for the polaritons is directly defined by the change ofthe
length of the cavity.

Preferably, the microcavity is configured with a length that
corresponds to an integer multiple of the wavelength of radia-
tion emitted by an exciton formed in said quantum well.

According to still another embodiment the step of forming
the microcavity can include forming at least one of said
reflectors and said semiconductor layers with a raised or
recessed region in one of their surfaces to change the length of
the microcavity in said region. Furthermore, the method can
include lithography techniques using a stop etch layer.

Preferably, a cooling means such as a cryostat is provided
to cool the optical parametric oscillator to an appropriate
temperature. Preferred temperatures are below 273 K, below
70 K or below 10 K.

Further aspects and objects of the present invention will
result from the following description of a preferred embodi-
ment of the invention in conjunction with accompanying
drawings, in which:

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a schematic view of an optical device including an
optical parametric oscillator structure according to one
embodiment of the invention;

FIG. 2 is a schematic view of an experimental set up in the
polariton entanglement configuration including the optical
parametric oscillator structure to the embodiment shown in
FIG. 1,

FIG. 3 shows an AFM image of a layer of the microcavity
of FIG. 1 with a 3u diameter polariton trap;
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FIGS. 4(a)-(c) show k-space emissions from different
microcavity samples including trap sizes of 20 (FIG. 4a), 10
(FIG. 4b), and 3 (FIG. 4¢) um, respectively; and

FIG. 5 diagrammatically shows the dispersion of a micro-
cavity polariton.

DETAILED DISCLOSURE

An optical parametric oscillator structure according to one
embodiment of the invention is shown in FIG. 1. Itincludes a
microcavity comprising two Bragg reflectors 1, 2 formed of
alternating layers of GaAs and AlAs. The Bragg reflectors 1,
2 are separated by two semiconductor layers 3 of GaAs that
surround a single quantum well 4 of In, ,,Ga, g5As. Its fun-
damental energy level corresponds to a wavelength of 835
nm. The quantum well is slightly doped (14%) with In which
allows to excite the microcavity through the GaAs substrate
and to collect the light in transmission.

The distance between the Bragg reflectors corresponds to
the wavelength of the fundamental quantum well level. Thus,
the formation of a polariton, i.e. the superposition of a photon
and an exciton in the strong coupling regime is granted. The
semiconductor layers are sequentially grown on a substrate
13 using molecular beam epitaxy (MBE). For the purpose of
illustration only a reduced number of the semiconductor lay-
ers of the actually grown microcavity and of the semiconduc-
tor layers forming the Bragg reflectors 1, 2 are shown. At least
one of the Bragg reflectors comprises a reflectivity of more
than 99.5%. The microcavity can also include more than one
quantum well. However, the number of quantum wells is not
critical for the invention.

As it is visible in FIG. 1, the semiconductor layer 3 which
is positioned on top of the InGaAs quantum well includes a
raised region 6 having a diameter of about 3 um in its upper
surface 8. The raised portion 6 is prepared by a masking and
etching technique including a stop etch spacer layer. Since
additional semiconductor layers which are e.g. part of the
Bragg reflector 1 are subsequently grown on the semiconduc-
tor layer 3 the thickness change in the region 6 is transferred
through all subsequent layers and into the topmost layer.

Due to the raised region in the otherwise flat surface of the
spacer layer 3 and also in the Bragg reflector 1, the length of
the cavity locally changes. The local change of the length of
the cavity results in alocal trap for polaritons. Since the lateral
extension of the microcavity has been determined sufficiently
large an interaction of one or several trapped polaritons with
the area outside the microcavity can be strongly reduced or
excluded. Therefore, no reduction of the polariton lifetime or
a corresponding overlap between the quantized polariton lev-
els occurs.

A standard semiconductor laser diode 9 which serves as an
excitation source is collinearly aligned with the longitudinal
direction of the microcavity. Between the laser diode 9 and
the substrate 13 an interference filter 10 is arranged to obtain
a spectral linewidth of the order of about 100 microeV. Col-
linearly with the microcavity a collecting lens 11 and an
optical fiber 12 are arranged to collect and guide photons
emitted from the microcavity.

Once a set of three polariton levels is chosen for a para-
metric oscillation according to the relation 2xv,=v,+v,, the
pump mode v, of the device is excited by focusing an exci-
tation beam from the diode 9 on the polariton trap, which is
easily identified by a reflectivity experiment or by an image of
the surface of the sample, as the small potential well for the
light is visible on the surface of the top Bragg mirror.

Above the non linear threshold of the parametric polariton
oscillation, which is very low (of the order few Watt per cm?),
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signal and idler modes are emitted preferentially in transmis-
sion. Accordingly, the number of Bragg mirrors pairs on both
sides of the microcavity is unbalanced to force emission in
one of the microcavity directions and avoid the losing of
signal-idler photon pairs. In the case of the present embodi-
ment 12 Bragg mirrors (1) were grown on the emitting side of
the microcavity, while 22 Bragg mirrors (2) were provided on
the other side.

Depending on the configuration as used the photons of the
signal-idler pairs can be spectrally separated or isolated
according to their polarization.

The device can be operated in the continuous or pulsed
wave regime. The entanglement of quantum correlated beams
produced in the case of the continuous wave regime can be
evidenced by noise measurement on the beam, a standard way
of evidencing quantum correlations in the field of quantum
optics. This configuration is useful for quantum information
protocols with continuous variables. In the pulsed regime, a
number of correlated signal-idler photon pairs is emitted per
pulse.

In both cases the signal and idler emissions have the same
intensity, since the polariton modes have the same photonic
component. This permits to attenuate both emissions in the
same way without losing the correlation. Thus even single
correlated photon pairs can be obtained.

The photonic components of the signal and idler emissions
can be evaluated by a full calculation of the localized polari-
ton states in the polariton trap. As a result of the calculation it
can also be shown that the situation of a microcavity includ-
ing “localized polaritons™ as in the case of the present inven-
tion significantly differs from the situation of “non localized
polaritons” in a conventional planar microcavity. While in the
case of “localized polaritons™ according to the present inven-
tion approximately the same photonic components and inten-
sities for the signal and idler emissions are obtained, the
Hopfield coefficients of the signal and idler modes are very
different in the case of a conventional planar cavity, leading to
a very poor outcoupling of the idler emission.

Furthermore, the device of the present invention can be
operated in two different configurations with respect to the
polarization of the excitation source 9. For a circularly polar-
ized beam from the excitation source 9, the parametric effect,
that conserves the spin, produces correlated signal and idler
pairs that are polarized in the same way as the excitation
pump beam. According to quantum entanglement with
respect to intensity an equal number of photons in each beam
is obtained.

For a linearly polarized excitation pump beam, signal 14
and idler 15 pairs will be totally unpolarized. However, quan-
tum entanglement will reflect itself in photon pairs including
correlated photons having the same polarization, as is shown
in FIG. 2. Furthermore, also in the case of this configuration
the intensities of the signal and idler beam are approximately
equal because the signal land idler levels have similar photo-
nic components. The entanglement of the correlated photons
can be evidenced by arranging combinations of a quarter
wave plate and a half-wave plate in each of the output beams.

FIG. 3 shows an atomic force microscope (AFM) charac-
terization of an actually prepared microcavity sample and in
particular of a spacer layer 3 before applying layers of a Bragg
reflector. The raised area or mesa structure has a width of
about 5 um and a height of 6 nm and comprises an approxi-
mately hemispherical shape. Since this structure appears on
the surface of the topmost layer or the microcavity, a proper
alignment of the sample is facilitated as has been indicated
above. The lateral dimension of the microcavity (perpendicu-
lar to the cavity length) is about 100 pm. However, this value
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is not critical as long as it is significantly larger than the size
of the localizing structure or “polariton trap”.

FIGS. 4a-c show measured images of the reciprocal space
(k-space) of microcavities including a structure according to
the embodiment shown in FIG. 1 with raised regions or
polariton traps of 20, 10 and 3 um, respectively, and a height
of the structure (or trap depth) of 6 nm obtained by Fourier
imaging of the microcavity emission. The excitation spot of
the used laser was 100 pm in diameter and thus larger than the
trap sizes. This method could also be used to determine the
quantized levels used for optical parametric oscillations in the
parametric oscillator of the invention.

In the case of the smallest trap size (FIG. 4¢) quantized
polariton energy levels can be observed between 1479 and
1482 nm. The lowest energy state corresponds to a polariton
deeply trapped in the microcavity and shows a linewidth of
less than 100 peV. This linewidth corresponds to a polariton
lifetime of the order of 10 ps. No overlap between the spectral
lines of the quantized polariton energy states is observed.
Instead the levels can be clearly identified. Due to the used
spot size with a diameter of 100 pm both polaritons outside
the trap and the polaritons in the trap are observed. Corre-
sponding to the polaritons outside the trap a standard disper-
sion curve corresponding to a microcavity without a localiz-
ing structure is observed in the spectrum at wavelengths
above 1482 nm. This dispersion basically corresponds to the
theoretical curve for a microcavity without any localizing
structure shown by the unbroken lines in FIG. 5. The disper-
sion curve in FIG. 5 shows a degeneration of the energy states
at the crossing point of the parabola like dispersion curve of
photon in the cavity and the straight dispersion of an exciton
in the quantum well (dashed lines).

In the case of larger traps (FIGS. 4a and 45) the quantum
levels cannot be observed, due to a smaller localization effect
and an insufficient spacing between the energy levels which is
equal or less than the spectral linewidth of the polariton.

The device shown in FIG. 1 can also be easily integrated
into an array of twin emitters which each preferably includes
a localization region (polariton trap). Such a multiple twin
emitter array could be fabricated by a single fabrication pro-
cess using semiconductor lithography techniques and com-
bined with an appropriate number of optic fibers into an
optical telecommunication device.

The above example refers to a sample based on GaAs and
AlGaAs and photon beams at about 1480 nm. However, the
present invention can also be applied to other materials and
wavelengths without departing from the concept of the inven-
tion.

The features disclosed in the description, the claims and the
drawings can be of importance for the present invention either
alone or in any combination thereof.

All patents, patent applications, provisional applications,
and publications referred to or cited herein are incorporated
by reference in their entirety, including all figures and tables,
to the extent they are not inconsistent with the explicit teach-
ings of this specification.

It should be understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application.

The invention claimed is:

1. An optical parametric oscillator, comprising a semicon-
ductor microcavity being configured to permit the existence
of'a polariton and comprising a structure to spatially localize
the polariton in said microcavity, wherein said microcavity
comprises at least three quantized excitation levels of the
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polariton on which an optical parametric oscillation can be
effected by said spatially localized polariton.

2. The optical parametric oscillator according to claim 1,
wherein the at least three quantized excitation levels comprise
three equally or almost equally spectrally separated quantized
excitation levels for an optical parametric oscillation and
wherein the semiconductor microcavity emits correlated sig-
nal and idler photon modes having similar intensities.

3. The optical parametric oscillator according to claim 1,
wherein said semiconductor microcavity comprises two
reflectors, at least one semiconductor layer separating said
two reflectors and a semiconductor quantum well, wherein at
least one of said two reflectors and of said at least one semi-
conductor layer comprises a structure which is adjusted to
localize a polariton in said semiconductor microcavity.

4. The optical parametric oscillator according to claim 2,
wherein said semiconductor microcavity comprises two
reflectors, at least one semiconductor layer separating said
two reflectors and a semiconductor quantum well, wherein at
least one of said two reflectors and of said at least one semi-
conductor layer comprises a structure which is adjusted to
localize a polariton in said semiconductor microcavity.

5. The optical parametric oscillator according to claim 1,
wherein said semiconductor microcavity comprises at least
one region having a different cavity length than a portion of
said semiconductor microcavity surrounding said at least one
region.

6. The optical parametric oscillator according to claim 2,
wherein said semiconductor microcavity comprises at least
one region having a different cavity length than a portion of
said semiconductor microcavity surrounding said at least one
region.

7. The optical parametric oscillator according to claim 3,
wherein said semiconductor microcavity comprises at least
one region having a different cavity length than a portion of
said semiconductor microcavity surrounding said at least one
region.

8. The optical parametric oscillator according to claim 3,
wherein at least one of said two reflectors or said at least one
semiconductor layer comprises a raised or recessed region in
one of its surfaces to change a cavity length of the semicon-
ductor microcavity in said raised or recessed region.

9. The optical parametric oscillator according to claim 3,
wherein a cavity length of said semiconductor microcavity is
adjusted to form a microcavity photon mode having a fre-
quency equal or close to an integer multiple of an emission
frequency of an exciton in said semiconductor quantum well.

10. The optical parametric oscillator according to claim 7,
wherein a cavity length of said semiconductor microcavity is
adjusted to form a microcavity photon mode having a fre-
quency equal or close to an integer multiple of an emission
frequency of an exciton in said semiconductor quantum well.

11. The optical parametric oscillator according to claim 8,
wherein the cavity length of said semiconductor microcavity
is adjusted to form a microcavity photon mode having a
frequency equal or close to an integer multiple of an emission
frequency of an exciton in said semiconductor quantum well.

12. An optical device, comprising:

an optical parametric oscillator, wherein the optical para-

metric oscillator comprises a semiconductor microcav-
ity being configured to permit the existence of a polari-
ton and comprising a structure to spatially localize the
polariton in said microcavity, wherein said microcavity
comprises at least three quantized excitation levels of the
polariton on which an optical parametric oscillation can
be effected by said spatially localized polariton; and
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apump laser source adjusted to emit radiation correspond-
ing to one of the quantized excitation levels onto said
optical parametric oscillator.

13. The optical device according to claim 12, wherein the
semiconductor microcavity comprises three equally or
almost equally spectrally separated quantized excitation lev-
els for an optical parametric oscillation and wherein the semi-
conductor microcavity emits correlated signal and idler pho-
ton modes having similar intensities.

14. The optical device according to claim 12, wherein said
semiconductor microcavity comprises two reflectors, at least
one semiconductor layer separating said two reflectors and a
semiconductor quantum well, wherein at least one of said two
reflectors and of said at least one semiconductor layer com-
prises a structure which is adjusted to localize a polariton in
said semiconductor microcavity.

15. The optical device according to claim 12, wherein said
semiconductor microcavity comprises at least one region
having a different cavity length than a portion of said semi-
conductor microcavity surrounding said at least one region.

16. The optical device according to claim 14, wherein at
least one of said two reflectors or said at least one semicon-
ductor layer comprises araised or recessed region in one of its
surfaces to change a cavity length of the semiconductor
microcavity in said raised or recessed region.

17. The optical device according to claim 14, wherein a
cavity length of said semiconductor microcavity is adjusted to
form a microcavity photon mode having a frequency equal or
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close to an integer multiple of an emission frequency of an
exciton in said semiconductor quantum well.
18. A method of providing two beams of correlated pho-
tons, comprising:
providing a semiconductor microcavity being configured
to permit the existence of a polariton and comprising a
structure to spatially localize the polariton in said micro-
cavity, wherein said microcavity comprises at least three
quantized excitation levels of the polariton on which an
optical parametric oscillation can be effected; and

irradiating one of the quantized excitation levels to gener-
ate a spatially localized polariton and two beams of
correlated photons by optical parametric oscillation of
the spatially localized polariton.

19. The method according to claim 18, wherein the at least
three quantized excitation levels comprise three equally or
almost equally spectrally separated quantized excitation lev-
els for an optical parametric oscillation and wherein the semi-
conductor microcavity emits correlated signal and idler
modes having similar intensities.

20. The method according to claim 18, wherein said semi-
conductor microcavity comprises at least one region having a
different cavity length than a portion of said semiconductor
microcavity surrounding said at least one region.

21. The method according to claim 19, wherein said semi-
conductor microcavity comprises at least one region having a
different cavity length than a portion of said semiconductor
microcavity surrounding said at least one region.
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